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The evolution of atmospheric pressure ionization techniques which are now routinely applied 
as liquid chromatograph/mass spectrometer (LC/MS) interfaces is described. Electrospray 
and related methods, as well as atmospheric pressure chemical ionization combined with lhe 
heated nebulizer interface, both began as specialized ionization techniques which became 
much more widely accepted when combined with tandem mass spectrometry. Today, both are 
widely used for quantitative and qualitative LC/MS and LC/MS/MS analyses, hnportant 
events in the development of these methods are described, along with key elements in lhe 
evolution of the ion source-to-vacuum interface techniques that contributed to their success. 
(J Am Soc Mass Spectrom 1998, 9, 187-193) © 1998 American Society for Mass Spectrometry 
T 
he original representation f the cartoon in Figure 
la was used by Patrick Arpino in 1982 [1] to 
express the difficulties faced by trying to combine 
the two apparently incompatible tectuliques of liquid 
chromatography (LC) and mass spectrometry (MS). 
Although at that time methods such as direct liquid 
introduction (DLI), thermospray, and the moving belt 
interface were in active use in many labs, and each 
showed impressive results in certain applications, the 
common view was that the ideal interface (which 
would allow the metaphorical fish to fly with the birds) 
had not been invented. The version of this cartoon 
shown Figure lb (adapted with permission by Patrick 
Arpino), implies (as does the title of this article) that 
perhaps the ideal interface has arrived, in the form of 
atmospheric pressure ionization (API). The overwhelm- 
ing popularity of API interfaces for LC/MS provides 
some support for this view. However, is this union 
perfect, and was it as inevitable as the title suggests? A
mental review of the variety of ion source and interface 
methods that have been investigated and developed for 
LC/MS over the past 25 years suggest that either 
atmospheric pressure was not such an obvious choice, 
or that there were significant barriers to its develop- 
ment and acceptance. Both are probably true to a certain 
degree. This article is not intended to be a review of the 
development of LC/MS methods and interfaces, but 
rather a perspective on how atmospheric pressure ion- 
ization methods grew from being novelties or tech- 
niques for niche markets and applications, to become 
Address reprint requests to Dr. Bruce Thomson, I'E SCIEX, 71 Four Valley 
Drive, Concord, Ontario, Canada L4K 4V8 E-mail: thomsoba@sciex.erml " 
the highly practical and well accepted methods for 
LC/MS that they are today. 
Atmospheric Pressure Chemical 
Ionization 
Although API was originally applied to describe the 
process of chemical ionization at atmospheric pressure, 
it now is applied more broadly to describe any of 
several methods of generating ions at atmospheric 
pressure. One of the earliest API methods to be used for 
mass spectrometry was atmospheric pressure chemical 
ionization (APCI)--chemical ionization of molecules at 
atmospheric pressure. Evan Horning and co-workers at 
the Baylor College of Medicine were early pioneers in 
this technique, applying it in the 1970s to (among 
others) gas chromatography (GC)/MS [2] and LC/MS 
[3, 4]. Using both a corona discharge and a 63Ni ioniza- 
tion source, they ionized the mixture of solvent and 
analyte molecules from the LC that was vaporized in a 
heated block, and demonstrated the attributes of high 
sensitivity and simple mass spectra that are now asso- 
ciated with this method. They recognized the advan- 
tages for LC/MS of vaporizing the solvent and the 
analyte at atmospheric pressure instead of in the vac- 
uum chamber, and of using the solvent as the chemical 
ionization (CI) reagent to provide gentle ionization. 
However, they did not move significantly beyond dem- 
onstrating the feasibility, and in particular, did not 
address the fact that many of the compounds that are of 
interest for LC/MS are thermally labile, and tend to 
decompose when heated. In addition, they observed 
that the separation speed of liquid chromatography was 
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Figure 1. (a) The incompatibility of the liquid chromatograph and the mass spectrometer, as 
represented by Patrick Arpino in 1983. (Reprinted with permission from [11].) (b) The happy union of 
the liquid chromatograph and the mass spectrometer, brought about by atmospheric pressure 
ionization techniques. (Adapted with permission of Patrick Arpino.) 
much slower than that of the mass spectrometer, and 
noted that "(h)igh resolution LC separations are gener- 
ally slow. Although speed of operation is not always a 
major factor in an analytical problem, it seems unlikely 
that slow speed analyses with LC-MS(API)-COM (com- 
puter) systems will become highly useful" [5]. Al- 
though this could be interpreted as failing to recognize 
the future of LC/MS as an important analytical tech- 
nique, it in fact correctly predicts that part of the current 
popularity of LC/MS can be attributed to the develop- 
ment of fast separation methods, combined with the 
speciation of tandem mass spectrometry, which was yet 
to come. Because atmospheric pressure ion sources 
were novel, and not commercially available, Horning's 
promising work languished for several years. 
APCI gained slightly more popularity and accep- 
tance in the late 1970s and early 1980s for trace gas 
analysis in environmental nd industrial applications 
[6-8]. Introduced commercially by both SCIEX (Ontar- 
io, CarLada) and Extranuclear Corporation (later Extrel, 
Pittsburgh, PA), it was used as a very sensitive tech- 
nique for detecting polar compounds in the gas phase. 
With the awareness of the results from Horning's lab, 
we recognized even in the early days of SCIEX that 
APCI had great potential for LC/MS. However, it 
required impetus from the development of the triple 
quadrupole in order to realize that potential. This key 
factor is due to the fact that APCI is such a gentle 
ionization process that it effectively produces no frag- 
ment ions. Any excess internal energy from charge 
transfer reactions is dissipated rapidly by collisions 
with the surrounding as molecules. This lack of con- 
trollable fragmentation undoubtedly played a signifi- 
cant role in discouraging other researchers from pursu- 
ing APCI, or expanding on Horning's work, 
particularly in an environment in which the ability to 
identify and characterize a compound from its electron 
impact (EI) mass spectrum was a very important part of 
the success of mass spectrometry and its growth in the 
analytical chemistry field. Even the development of 
conventional CI sources did not for the most part 
eliminate the desire to provide some degree of fragmen- 
tation, in addition to the molecular weight information. 
The development of the triple quadrupole mass 
spectrometer p ovided the attractive combination of a 
very gentle ionization process (APCI), characterized by 
the production of only molecular or quasimolecular 
ions, with a process of controlled fragmentation by 
collisionally activated issociation (CAD). Shortly after 
tile introduction of the SCIEX TAGA 6000 triple quad- 
rupole system (which used an APCI source) in 1981, 
Jack Henion suggested that he and I collaborate with 
Peter Dawson of the National Research Council of 
Canada to demonstrate he power of LC/MS/MS with 
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an APCI source. Jack provided the expertise in liquid 
chromatography (and personally delivered the entire 
LC system complete with solvents, syringes, and sam- 
ples to Ottawa by private plane), as well as experience o 
with other LC/MS techniques. Peter provided the ex- 
pertise in triple quadrupoles (as well as the TAGA 6000 It 
in his lab in Ottawa). During a very focused 1-week 
period in July, we interfaced a direct liquid introduction ," 
(DLI) probe with the SCIEX APCI source, and success- 
fully performed several on-line LC/MS and LC/ 
MS/MS experiments to detect sulfa drugs and their 
metabolites in real equine urine and blood extracts [9]. 
Although this interface was sufficient to allow the 
demonstration of reasonable performance for that ap- 
plication, it was not sufficient for the more demanding 
applications of detecting labile compounds at very low 
levels. Stimulated by this first effort, Lucy Danylewich- 
May, Angie Ngo, and I worked at SCIEX for the next 
year on a method of vaporizing the entire liquid flow 
from the liquid chromatograph into the APCI source, 
while minimizing thermal decomposition of the typi- 
cally labile compounds that are separated by liquid 
chromatography. This work led to the development of
the heated nebulizer LC/MS interface (sometimes 
called the heated pneumatic nebulizer) [10, 11], in 
which the liquid is nebulized pneumatically into a 
heated tube, allowing the droplets to collide with the 
hot walls. We discovered that if the walls of the 
vaporizer were kept hot enough to vaporize the drop- 
lets very rapidly (presumably on impact), thermal de- 
composition was reduced significantly, and at the same 
time, memory effects were minimized. By wrapping a 
quartz tube with a heater that was maintained at 450 to 
550°C, up to 1 mL/min  of aqueous mobile phase could 
be vaporized continuously. (Not realizing that the tem- 
perature referred to the actual heater temperature, 
rather than the inner wall of the quartz tube where the 
sample impinges, some early users were skeptical that 
any sample could survive. In fact, the inner wall where 
the liquid impinges is only at a temperature of 120 to 
150°C.) Although the nebulizer itself is not heated (heat 
being applied downstream of the nebulizer), the name Ioo. 
"heated nebulizer" has become accepted for this inter- 
face. 
Application of this LC/MS interface and the tech- 
nique of APCI/MS/MS was led by Jack Henion and his 3 
group at Cornell University [12]. In 1986, Henion, along 
with Tom Covey and Ed Lee from his group, published 
a visionary paper showing the combination of fast 
chromatography, APCI with the heated nebulizer inter- 
face, and MS/MS [13]. Figures 2 and 3 show how 
LC/MS/MS at the rate of 1 sample per minute was 42 
demonstrated, with separation and detection of phenyl- 
butazone (and its oxy- and hydroxy-metabolites) in 
plasma and urine extracts in a pharmaco-kinetic study. 
Short, 3-/xm particle HPLC columns were used to 
provide very fast but efficient separations, and MS/MS 
was used to provide the needed specificity even in the 
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Figure 2. One hour 60-sample LC/MS/MS analysis of samples 
from a phenylbutazone pharmacokinetic study in the horse. 
Selected reaction monitoring of four daughter ions of phenylbu- 
tazone (PB m/z 309), oxyphenylbutazone (OPB m/z 325), and 
hydroxyphenylbutazone (PBOH m/:: 325). Only the ion current 
from the PB daughters are shown here. Injections were made at 
the rate of 1 per min. (Reprinted with permission from [13]; ©1986 
American Chemical Society.) 
model of operation for some types of analyses, where 
targeted (known) compounds are to be screened or 
quantitatively measured in biological extracts. In an 
impressive demonstration of the need for both chroma- 
tography and MS/MS, they also showed that the pre- 
cursor scan mode could be used to detect he presence 
of at least four (isobaric) metabolites of the adminis- 
tered drug (Figure 4). This work presaged the coming 
explosion in LC/MS/MS, a technique that today is used 
routinely as the method of choice in the quantitative 
analysis of thousands of biological extracts for pharma- 
ceutical compounds and their metabolites. In this field, 
the heated nebulizer interface, combined with the APCI 
ion source, is the second most popular tool in use. 
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Figure 3. LC/MS/MS SRM ion current profile taken from the 
42-47 min region of Figure 2. The trace is the ion current from 
fragment ions m/z 120, 108, and 104, respectively, from precur- 
sor ions of m/z 309, 325, and 325. {Reprinted with permission 
from [13]; ©1986 American Chemical Society.) 
190 THOMSON J Am Soc Mass Spectrom 1998, 9, 187-193 
- 350  "~D"93 
0 • ~ • I z loo] B /~  




N 0 . . • , . , . , . 
1001 C L309"~1~ 93 
0 , i • , ~ - -  i 0.0 1.0 
MINUTES 
Figure 4. (a) Total precursor ion current profile for the urine 
extract :shown in the 42-43 min region of Figure 3. Q1 was scanned 
from m/z 250 to m/z 350 with Q3 monitoring fragment ion 93. 
(b) Extracted ion current profile of precursor/fragment ionpair 
325/93. The four peaks indicate the presence of four individual 
components of m/z 325 (isobars), which fragment to form m/z 
93. Thi~, scan revealed the likely presence ofat least wo unknown 
isomeric metabolites of PB, in addition to the expected OPB and 
PBOH isomers. (c) Extracted ion current profile of precursor/ 
fragment ion pair 309/93. (Reprinted with permission from [13]; 
¢)1986 American Chemical Society.) 
Spray Ionization at Atmospheric Pressure 
The most popular tool in use today for LC/MS (and 
LC/MS/MS) is that which is most commonly called 
electrospray ionization (ESI). Developed as a mass 
spectrometry ionization technique by John Fenn and his 
group at Yale University during the early to mid 1980s 
[14], this method was also largely ignored for the first 
few years until its application to the ionization and 
detection of large molecules was demonstrated in 11988 
[15, 16]. As an interface for LC/MS, it had similar 
features and drawbacks to those of APCI. It was char- 
acterized by high sensitivity and the ability to produce 
molecular ions, with the additional ability to detect very 
polar and labile compounds, as no heat was involved at 
all. As with APCI, however, ESI was limited by the 
absence of fragmentation necessary to provide struc- 
tural information. It also had the significant drawback 
of not working well in its original form at liquid flow 
rates greater than a few microliters per minute, espe- 
cially under high aqueous conditions. All of these 
features combined to produce an interested, but "mut- 
ed" [17] response to electrospray mass spectrometry for 
the first few years. 
Even before the development ofelectrospray, we had 
been exploring the potential of using the technique of 
ion evaporation as an LC/MS inlet. This method, in 
which the liquid is sprayed from a nebulizer and 
charged by an electric field at the tip of the sprayer from 
an induction electrode, had been investigated by Pro- 
fessor Iribarne and myself at the University of Toronto 
in the middle 1970s, using a home-built mass spectrom- 
eter with an atmospheric sampling orifice [18, 19]. Our 
primary goal at that time was to explore the process of 
ion emission from charged cloud droplets, so all of the 
experiments were conducted with small inorganic ions 
in 100% water. The sprayer with induction electrode 
was employed simply as a source of charged droplets. 
We also tested a few organic compounds and observed 
good mass spectra from those that were ions in solu- 
tion, and from this recognized the possibility of using 
the method as an ,analytical technique. However, it was 
not until 1981 that we had an opportunity to demon- 
strate LC/MS and LC/MS/MS on a TAGA 6000 triple 
quadrupole system. The potential was promising, but 
as with APCI, it required the addition of MS/MS to 
offer the structural information and specificity de- 
manded by the analytical community. Observation of 
the doubly charged anion from the disodium salt of 
adenosine triphosphate [20] showed that multiply 
charged ions could be produced; however, it awaited 
the insight of Fenn and his group to recognize the 
possibilities of applying the multiple charging charac- 
teristics of spray ionization methods to the measure- 
ment of biopolymers. Our early LC/MS and LC/ 
MS/MS results with ion evaporation were encouraging 
[21, 22]. However, partly because we limited our explo- 
rations to the use of pure aqueous mobile phases and 1 
mL/min flow rates, only moderate sensitivity was 
achieved. Except in a few cases, detection limits in a 
single-ion-monitoring (SIM) mode appeared to be sev- 
eral to tens of nanograms injected on-colunm. 
The introduction of electrospray by the group at Yale 
awakened the interest in possibilities for spray ioniza- 
tion as an LC/MS interface. Although Fenn, White- 
house and co-workers immediately recognized the ap- 
plication of electrospray as an LC/MS interface [23], 
their major interest was focused on the applications to 
molecular weight measurements of biopolymers. Once 
again, Henion's lab at Cornell led the way in develop- 
ing a practical LC/MS interface from electrospray and 
ion evaporation. In particular, Andries Bruins, then 
visiting at Cornell University in Jack Henion's group, 
actively pursued electrospray and ion evaporation as 
LC/MS interfaces. Recognizing the limited ability of 
pure electrospray to spray high liquid flow rates, par- 
ticularh, with high aqueous contents, and the limited 
ability of the induction electrode used in the original ion 
ew~poration work to provide maximum charge on the 
droplets, he along with Tom Covey added a nebulizing 
gas to electrospray as a source of energy to break up the 
liquid and provide some drying of the droplets, and 
coined the term "ion spray" for the result [24]. Ion spray 
had the practical advantage over the original electro- 
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spray source of working at flowrates of up to at least 40 
/xL/min, with real LC solvent and buffer concentra- 
tions. It was first applied as an LC/MS inlet for the 
detection of sulfonated azodyes m wastewater [25], and 
its attributes compared in the same publication to those 
of the heated nebulizer and ion evaporation for this 
assay. 
The explosion of interest in the spray ionization 
methods of electrospray, ion spray, and ion evaporation 
originally caused some confusion within the commu- 
nity about whether the ionization mechanisms were all 
the same or different. Both John Fenn and ourselves 
recognized the likelihood that the method of ion pro- 
duction was probably the same in all cases. The differ- 
ences lie primarily in the means of producing the 
charged droplets, not in the fundamental means of 
producing the ions from the liquid. Although there is 
still some disagreement over which of two mechanisms 
best accounts for the ions (ion evaporation or the charge 
residue theory [26]), most researchers appear to agree 
that all of the spray ionization methods operate under 
the same fundamental principles for producing ions 
from the liquid. This even appears to apply to the 
method of thermospray, which was the most popular 
LC/MS method during much of the 1980s, when API 
methods were still in the wings. One of the major 
reasons for the success of thermospray--along with the 
fact that it could accept LC flow rates of 1 mL/min of 
even high aqueous mobile phase--was that many rela- 
tively labile compounds could be detected with little 
thermal decomposition. Ion evaporation appears to be 
one of the mechanisms that operated in the thermo- 
spray ion source, acting in some cases to produce 
analyte ions directly from solution, but more often, to 
produce ammonium ions that themselves acted as CI 
reagents in the ion source. In this case, charging of the 
droplets was probably a result of statistical processes, 
although some efforts were made to increase the asym- 
metric droplet charge by adding a repeller electrode 
[27]. To further demonstrate he link between the pro- 
cesses of atmospheric spray ionization methods and 
thermospray, we compared thermospray at atmo- 
spheric pressure with ion evaporation [28] and ob- 
served similar characteristics for some compounds. The 
need to provide heat in order to generate the spray in a 
thermospray probe lead to its ultimate decline as the 
popular choice for LC/MS, because the other atmo- 
spheric pressure spray methods do not require heat, 
and therefore have an inherent advantage for very 
labile compounds. As API mass spectrometers (primar- 
ily triple quadrupole systems) began to come onto the 
market from 1989 onward, electrospray and APCI be- 
gan to replace thermospray as the dominant LC/MS 
method. 
Atmosphere-to-Vacuum Interface 
An important part of the success of atmospheric pres- 
sure LC/MS methods is due to the development of 
practical sampling interfaces between the atmospheric 
pressure ion source and vacuum. The ion current from 
an API source is weak--typically 0.1 to 1 >A from an 
electrospray source, and 1 to 10 /xA from an APCI 
source. Ion motion at atmospheric pressure is domi- 
nated by collisions with the gas molecules, so conven- 
tional ion optics cannot be applied to focus the ions. 
Finally, ions must be transported through a pressure 
reduction of approximately ]0 s before entering the 
analyzer. All of these factors conspire to challenge the 
ability of API methods to meet the sensitivity achiev- 
able with conventional EI or CI sources. Countering 
these considerations are the impressive specificity of 
API ionization (to ionize polar compounds of interest 
without interference from the overwhelming dominant 
air and solvent species), as well as the high efficiency of 
APCI provided by the very high collision rate at atmo- 
spheric pressure. 
The simplest method for transporting ions from the 
source into the mass spectrometer (and that employed 
by Horning's group [2]) is to simply employ a small 
pinhole sampling aperture directly from the ion source 
into the mass spectrometer chamber (with a diameter 
that is consistent with the pumping system and the 
vacuum requirements for the mass spectrometer). The 
performance achievable with this type of scheme is 
limited, due to the low ion current hat can be sampled, 
as well as due to the tendency of solvent vapors to 
condense on the ions and produce complex and noisy 
spectra. The latter problem can be severe when the ion 
source is filled with high concentrations of polar sol- 
vents from the liquid chromatograph. The nature of the 
former problem can be observed by estimating that 
with a 500 L/s vacuum pump. a diameter of no more 
than 7/xm would be required in order to maintain an 
analyzer pressure of 10 5 torr or less. This would result 
in a sensitivity which is approximately 3(10 times lower 
than that achieved by modern API instruments. A third 
practical problem is that such a small pinhole would be 
very difficult to keep clean in an ion source into which 
is sprayed up to 1 mL/min of LC mobile phase. 
These problems were avoided or minimized in the 
atmospheric pressure-to-vacuum interface of the SCIEX 
API III (using methods developed for the API source of 
the earlier TAGA mass spectrometer system). This 
factor was critical to the commercial success of this 
product (the API III unarguably lead the way for the 
acceptance of API LC/MS tectmiques in the analytical 
community). Fundamental to this interface was the use 
of a large open cryoarray and cryopump, with an 
effective pumping speed of greater than 100,000 L/s, 
which allowed the use of a 125-/xm-diameter orifice, 25 
times larger in area than the orifice used by Horning, 
while maintaining a vacuum chamber pressure approx- 
imately 20 times lower. Also critical was the use of a 
barrier of dry gas (curtain gas) [29] in front of the 
orifice, which prevented solvent vapors and particles 
from reaching the orifice, reducing clustering problems 
and clogging problems. The interface also included 
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provision for an electric field in the free jet region [30] 
where the ions could be accelerated in the low density 
gas in order to provide collisionally activated issocia- 
tion, both stripping clustered solvent molecules from 
the ions, and if desired, imparting enough energy to 
break up the ions. The process of using CAD in this 
region to fragment ions has been referred variously as 
"up-front CID," "nozzle-skimmer fragmentation," and 
"orifice-skimmer fragmentation." It has been an impor- 
tant feature in broadening the application of API meth- 
ods on single mass spectrometers, by providing the 
ability to controllably fragment ions without using a 
tandem mass spectrometer. 
Other approaches to ion sampling were developed 
concurrently with the development of atmospheric 
pressure ionization methods. For example, Whitehouse 
et al. ]14] developed a novel ion sampling tube of 
dielectric material that allowed electrospray ions to be 
transported from an atmospheric pressure source into 
the high voltage source of a magnetic sector (or of a 
quadrupole), while operating the electrospray needle at 
ground potential. The nonconductive walls of the tube 
provided effective decoupling between the potential in 
the ion source, and the potential in the vacuum system. 
Chowdhury et al. [31] showed that a heated metal tube 
allowed efficient ion sampling, and provided decluster- 
ing (or fragmentation) as the ions flow through the 
heated tube. Lin and Sunner [32] investigated some of 
the characteristics of the tube (or ion pipe) interface. 
The technique of differential pumping was first 
applied by Kambara on an APCI mass spectrometer 
system [33]. It allows more effective use of standard 
vacuum pumps, employing the principle that best effi- 
ciency is achieved by pumping away as much gas as 
possible at high pressure. Staging the pumping from 1 
to 10 -3 to 10 -5 torr is a strategy that allows improve- 
ments in ion-to-gas ratio to be achieved at each stage. 
The result is better sensitivity for a given vacuum pump 
system. Zook and Bruins [34] have explored the trans- 
mission characteristics of a differentially pumped inter- 
face. 
Variations on the method of staged or differential 
pumping are still being developed, largely by the 
commercial vendors of LC/MS equipment as they 
strive for better overall value and performance. Sam- 
pling ions by extracting them into the next vacuum 
stage through the tip of a skimmer that is within the free 
jet, behind the free jet, or orthogonal to the free jet, 
using shaped orifice geometries, heated metal or insu- 
lated tubes, countercurrent gas flows, or gas curtains-- 
all have been applied in various combinations, and are 
continually being re-examined and tested anew as the 
efforts to develop the ideal interface continue. 
Finally, the development of collisional focusing by 
Douglas and French [35] as a method for focusing and 
cooling ions prior to introduction into a mass spectrom- 
eter has provided added benefits of sensitivity and 
mass resolution. The technique, employing the same 
principles used in buffer gas cooling in an ion trap, uses 
an rf-only quadrupole (or multipole) as a beam guide in 
the intermediate pressure region of the differentially 
pumped vacuum system, typically at a pressure of a 
few millitorr. Ions from the first vacuum region (at 
approximately 1 torr), which can be difficult to focus 
efficiently into the mass analyzer because of energy 
spread and beam diameter, undergo multiple collisions 
during their transport hrough the if-only quadrupole. 
Radial focusing to the center of the quadrupole greatly 
improves transmission through the aperture into the 
next vacuum stage, and provides a focused beam that 
better matches the acceptance of the quadrupole (or 
other mass analyzer such as time-of-flight); loss of axial 
motion provides a narrow energy distribution that 
produces higher mass resolution in the analyzing quad- 
rupole. Use of the principles of collisional focusing in 
both the ion transport region, and in the collision cell of 
the triple quadrupole [36], has led to significant im- 
provement in the performance of API LC/MS systems 
in recent years. 
"Is That All  There Is?" 
Although atmospheric pressure ionization methods ap- 
pear to best meet the requirements for LC/MS within 
the pharmaceutical nd biological community, there 
still remains a place, for other LC/MS methods (such as 
particle beam, flow FAB, thermospray) for certain ap- 
plications. [n addition, API sources are not as well 
behaved as could be desired. Although interfacing 
liquid flows with an atmospheric pressure source pro- 
vide some practical advantages over interfacing to a 
low pressure source, the challenges involved in taking 
ions or molecules from within a liquid at atmospheric 
pressure into a vacuum at 10 5 tort have still not been 
perfectly overcome. Spraying the liquid into an ion 
source causes problems due to turbulence, variations in 
the efficiency of solvent vaporization, and contamina- 
tion of surfaces with buffers. All are sources of noise, 
instability, and variability that contribule to reduced 
signal-to-noise. The inherent problem is one of inhomo- 
geneity. Although tlhe sample in the liquid may be well 
mixed, the action of separating the sample from the 
solvent creates inhomogeneity by generating an envi- 
ronment of solvent (gas), ions, liquid droplets, and solid 
particles, with wide variations in the local concentration 
of analyte ions. This can result in a noisy signal (com- 
pared to the signal from an electron impact ion source, 
for example) and difficulty in tuning. The droplet size 
distribution, droplet charge distribution, solvent and 
buffer concentration, reagent ion concentration, and 
local gas velocity can all affect the sensitivity and noise 
level. 
These factors can (and are) being improved. How- 
ever, instead of working hard to extract he ions from 
the liquid and deliver them into the vacuum environ- 
ment of the conventional mass spectrometer, perhaps a
new paradigm should be considered. Most molecules of 
interest o the biological community are happy in the 
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l iquid env i ronment ,  and  can be conv inced to leave only  
wi th  diff iculty. The ideal solut ion, therefore, is to put  
the mass spectrometer  into the nat ive env i ronment  of 
the ions, not  by immers ing  a min ia ture  quadrupo le  into 
the l iquid, but  by  searching for other methods  of 
measur ing  the molecular  weight  in solut ion. A l though 
it may  seem fanciful to imagine  f ind ing a way  to 
measure  molecular  weight  wi th  high accuracy in an 
env i ronment  dominated  by  solvat ion effects, is this 
more fanciful  than the idea of achieving a mass resolu- 
t ion of 7,000,000 in an ion trap in the presence of 
ion -neut ra l  col l isions wou ld  have appeared 20 years 
ago? Atmospher ic  pressure ion izat ion and  LC/MS may 
be together at last, but  they may not  be together forever! 
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